ABSTRACT To gain insight into the differences in antiarrhythmic potential of right vs left stellate ganglionectomy, 72 dogs were randomized to either unilateral stellectomy or second intercostal space thoracotomy and left circumflex coronary arteriovenous pedicle occlusion was performed, without vagotomy, a mean of 8 weeks later under anesthesia. The type and timing of ventricular ectopic beats, including both nonsustained and sustained ventricular tachycardia and ventricular fibrillation, were investigated. Several covariates, including postischemic electrocardiographic changes, were considered. Both right and left stellate ganglionectomy reduced the incidence of early (0 to 10 min) (p = .004 and p = .001, respectively) and total (0 to 60 min) (p = .009 and p = .008, respectively) ischemia-induced ventricular fibrillation, and improved outcome (p = .0013 and p = .0012, respectively). Early sustained ventricular tachycardia was similarly reduced (p = .02) in both stellectomized groups. By contrast, neither the type nor the time distribution of the other forms of ventricular arrhythmias differed significantly among the randomized groups. The multivariate Cox's regression model showed that ST segment elevation at 3 min postocclusion, unilateral stellate ganglionectomy (either right or left), sex, and weight were significant independent predictors of the incidence of ventricular fibrillation during the occlusion period. Lower ST segment elevation and reduced incidence of sustained ventricular tachycardia in the early postischemic period might explain improved outcome in stellectomized dogs by Cox analysis. The side of intervention (either stellectomy or sham operation) did not influence survival; however, left-sided interventions were more effective than right-sided ones. These results confirm the previously reported antifibrillatory effect of left and indicate like effects of right stellate ganglionectomy in a randomized experimental study. Circulation 77, No. 4, 935-946, 1988. IT IS generally believed that increased sympathetic tone at the onset of acute myocardial ischemia contributes to life-threatening arrhythmias in a variety of animal preparations, including anesthetized, morphine-sedated, and conscious ones. 
lateral right stellectomy is controversial."9 Antifibrillatory properties have been reported 2 to 3 weeks after left stellectomy in conscious dogs with previous myocardial infarction,3 an effect confirmed in the presence of the high sympathetic tone induced by exercise.4 An increased propensity to arrhythmias was observed after acute right stellectomy,5-7 although different but not opposite effects were reported in another study comparing acute ablations of either of the two stellate ganglia in the absence of ischemia.8 On the other hand, in a more recent investigation in anesthetized dogs no significant reduction in ischemia-induced arrhythmias was seen after acute left stellectomy, while acute ablation of the right stellate ganglion either increased the severity of arrhythmias or was without effect in most cases. 9 No comparative investigation has been performed to elucidate the antiarrhythmic effects of right vs left stellate ganglionectomy on experimental ischemia-in-duced ventricular arrhythmias. The present study was therefore undertaken, based on group comparisons in a large number of animals that were randomized to either unilateral stellectomy or sham operation. By this method we hoped to eliminate factors of variability that were not controlled for in previous studies of the effects of unilateral5-9 and bilateral10-21 stellate ganglionectomy. Proximal22-24 one-stage25 occlusions of the left circumflex coronary arteriovenous pedicle were performed to prevent spontaneous variability as the consequence of a high incidence of postligation ventricular fibrillation. Anesthesia was necessary to permit highquality standard electrocardiographic monitoring,26 which might contribute important predictive information on factors implicated in the development of lifethreatening arrhythmias.27 Finally, multivariate analysis modeling the probability of survival as a function of several basal and postligation covariates was used in an effort to explain the mechanisms involved and to gain insight into the differences in antiarrhythmic potential of right vs left stellate ganglionectomy, a question that deserves addressing because of its clinical relevance. 3' 4, 28 Methods Adult mongrel dogs of either sex (mean weight 19 ± 5 kg) were used. All the dogs were cared for in the laboratory by experienced technicians and were seen by a veterinary doctor before they were accepted as candidates for the study. No dogs with clinically evident infection or health disability were included. The study was approved by the appropriate institutional committee; the experimental procedures complied with the "Guiding Principles in the Use and Care of Animals" approved by the Council of the American Physiological Society as well as with state regulations.
Surgical preparation. Anesthesia was induced22 in each dog by the same anesthesiologist (J. C. G.) using levomepromazine (0.5 mg/kg im) followed 30 min later by sodium penthiobarbital (10 mg/kg iv). After endotracheal intubation, ventilation was maintained (with 1:1 oxygen and nitrous oxide) with a Logic 5 respirator with a respiratory rate of 20 strokes/min and a tidal volume of 20 ml/kg. Pancuronium bromide (0.1 mg/kg) and atropine sulfate (0.01 mg/kg) were administered intravenously immediately after intubation. The animals were covered with surgical blankets and central temperature was monitored. The same cardiovascular surgeon (F. L.) performed a left thoracotomy in each animal at the level of the fourth intercostal space29 within 15 min of the injection of sodium penthiobarbital. The pericardium was incised parallel to the phrenic nerve and arranged to form a cradle in which the heart was suspended. A catheter (20 g) was introduced in the ascending aorta and connected to an Elema-Schoenander transducer ( Stellate ganglionectomy. The animals were anesthetized and monitored electrocardiographically as described above. By a sterile procedure, either the right or the left stellate ganglia were exposed through the omolateral second intercostal space by the same surgeon (F. L.) in all cases. Care was taken to identify all the branches running to and out the ganglia, including the rami communicantes to the seventh and eighth (when present) cervical nerves, the mixed rami to the first, second, third, and fourth thoracic nerves, and both the ventral (often connected directly to the right stellate ganglion) and dorsal limbs of the ansae subclaviae.36 After isolation, all the above-mentioned branches were cut in a point 5 to 15 mm distal from the ganglia and always distal to the origin of the stellate cardiac nerves.36' 37 Finally, the ganglion itself was removed, the thorax was closed in layers, air was evacuated from the chest, and the animals were allowed to recover from the operation while receiving only intramuscular streptomycin (25 mg/kg) for 5 days.
Experimental protocol. The study comprised 72 dogs randomly assigned over 12 consecutive months to undergo either right (n = 18) or left (n -18) stellate ganglionectomy or to undergo a sham operation of either right (n = 18) or left (n = 18) second intercostal space thoracotomy. The number of randomizable animals (sample size) was calculated with standard formulas for comparison of two proportions based on the following arguments: (1) the probability (p) of dying of ventricular fibrillation during 60 min after left circumflex coronary arteriovenous occlusion is .60 (.50 > p < .70) in controls,22' 38 (2) it is desirable to detect an absolute difference probability of . 40 or more in stellectomized as compared with sham-operated dogs,3 (3) 5% alpha and 33% beta errors might be acceptable. Availability of cages and laboratory schedule were also con-LABORATORY INVESTIGATION-VENTRICULAR ARRHYTHMIA sidered in determining the number of operable animals. Randomization was done immediately before the animals arrived at the laboratory by the drawing of a procedure identification code number from a sealed envelope prepared previously by one of us (R. J.). A mean of 8 (range 7 to 9) weeks after randomization the dogs underwent proximal one-stage left circumflex coronary arteriovenous pedicle occlusion as described above.
Data analysis. Variables measured (mean + SD) in all randomized animals before and immediately after left circumflex coronary arteriovenous pedicle occlusion were tested for significant differences by one-way analysis of variance with the addition of all possible comparisons between pairs. The following variables were scored: sex, month of occlusion, ventricular arrhythmias 0 to 10 min after occlusion, and treatment assignment. A paired t test was used to analyze the significance of ECG and hemodynamic changes 3 min after occlusion.
Arrhythmias. To analyze univariately the incidence of ventricular ectopic beats, including ventricular fibrillation, in all animals, independently of the score system, an arbitrary classification was made into categories of increasing severity: (1) no arrhythmias, (2) ventricular ectopic beats whether single, in couplets, or triplets, (3) nonsustained ventricular tachycardia (4 to 50 successive impulses at a rate > 250 beats/min), (4) sustained (but spontaneously ceasing) ventricular tachycardia (more than 50 successive impulses at a rate > 250 beats/min), and (5) ventricular fibrillation. The definition of ventricular tachycardia as greater than 250 beats/min eliminates the spontaneous multiform accelerated idioventricular rhythm from consideration as ventricular tachycardia.39 On the other hand, the criterion of spontaneous ceasing for sustained ventricular tachycardia prevents consideration in this category of immediate prefibrillatory rhythms. Arrhythmic phases, as previously reported, were taken into account.33 All categories of arrhythmias as described above were considered either present or absent in each animal for each of the two arrhythmic phases, 0 to 10 and 10 to 60 min after occlusion. Thus, the number of animals with any given category of arrhythmia rather than the number or the categories of arrhythmias were considered in this analysis. Since some animals presented with more than one category of arrhythmias, the numerators vary accordingly in each group. However, arrhythmias were counted only in survivors and therefore the denominators reflect the survival status at later phases. The Fisher's exact test (one tail) was used to test the significance of the differences among groups.
Survival and the Cox regression model. To analyze the data on survival among the study groups the cumulative proportions surviving were first calculated by life table methods (BMDP 1L) with use of the generalized Wilcoxon test as proposed by Breslow.40 In addition, since several studies have shown that measured covariates such as weight, sex, and month of occlusion,4' latencies from anesthesia to occlusion and from occlusion to thoracotomy,42 heart rate,43 R wave amplitude35 and ST segment changes,27 mean aortic pressure,44 and the occurrence of various forms of ventricular arrhythmias during the early postocclusion phase33' 4 might all influence survival after coronary occlusion, survival has been tested (BMDP 2L) by the Cox regression model. 46 47 Variables significant by univariate analysis were jointly analyzed by Cox regression, which models the probability of survival S(t) at time t by:
where x is the vector of variable included in the model. The beta i coefficients of Cox's model allow the computation of a relative risk (supposed constant over time, proportional-hazards model)
for the occurrence of the analyzed event. The proportionalhazards regression model was also used to test the significance of treatment effects while simultaneously accounting for baseline and immediate postocclusion characteristics. A partial likelihood approach was used for calculations. Models were compared with a likelihood ratio test.0 The analyses were repeated for prediction of ventricular fibrillation during 60 min after occlusion in a stepwise mode with: (1) all variables except those related to treatment assignment, (2) all variables plus the treatment assignment ranked (1 to 4) in accordance with the increasing incidence of postligation ventricular fibrillation observed empirically in the study groups, and (3) all variables plus two variables defining the presence or absence of treatment and the side (right or left) of the intervention.
Correlations and other survival prediction models. After choosing the combination of variables that provided the best solution for the Cox regression model, a linear correlation matrix among all those variables was built. Moreover, a multiple linear regression (BMDP 1R) and a stepwise logistic regression (BMDP LR) were computed49' 50 on all such variables in an attempt at systematic comparison among survival prediction models. Since the number of cases read in this investigation was the same for Cox, linear, and logistic models of survival prediction, a direct comparison of t values calculated from the same covariates was in fact possible.
In all the analyses performed as described above significant differences were those with p values < .05.
Results
No postoperative death occurred after stellate ganglionectomy or second intercostal space thoracotomy. All HScored from 1 (January) to 12 (December). beats/min, respectively in the right stellate ganglionectomy group and its control and in the left stellate ganglionectomy group and its control, respectively, NS). In the right stellate ganglionectomy group a significant reduction in mean heart rate was observed an average of 8 weeks after surgery (154 ± 18 vs 128 ± 19 beats/min, p < .01). By this time (i.e., before occlusion) this latter group presented a slower mean heart rate as compared with both sham-operated animals and those undergoing left stellate ganglionectomy (table 1) . Basal mean heart rates were higher in shamoperated and left stellectomy groups than in the right stellectomy group (156 ± 21 and 158 ± 22 vs 128 ± 19 beats/min, respectively, p < .01). Basal R wave amplitude did not differ among groups, nor was there basal ST segment elevation in any dog. 11 .96 were significant with p< .05 or less. ST3 = ST segment elevation at 3 min after occlusion. Sust VTI = sustained ventricular tachycardia during 0 to 10 min after occlusion, scored I when present and 0 when absent; Sex = sex scored 1 when male and 2 when female; MAP3 = mean aortic pressure at 3 min after occlusion; Treat = treatment assignment ranked 1 to 4 based on the incidence of ventricular fibrillation (from the lowest to the highest) observed empirically in the randomized groups (table 2); SG = presence (scored 0) or absence (scored 1) of stellate ganglionectomy.
AThe contribution of the covariate "side of intervention" was statistically not significant (table 3) ; however, increasing to p < .33 the enter value for stepwise MPLR, its calculated coefficient was always negative, with a maximum t value of -1.40, thus indicating that left-sided interventions (either stellectomy or sham operation) were comparatively more effective than rightsided ones in improving survival in these animals.
and arrhythmias and between arrhythmias and the occurrence of ventricular fibrillation during the observation period. This analysis also showed that the only significant correlation between the side of intervention and any of these variables was that between left side and higher basal heart rates (p < .01).
Higher t values were found with the Cox model ( [52] [53] [54] [55] in the experimental setting.
After 8-week-old right or left stellate ganglionectomy the incidence of ischemia-induced ventricular fibrillation was significantly reduced (figure 1). Late after unilateral stellectomy the predictable potency of the Cox regression model was improved significantly (table 4) . These effects were associated with reduced ST segment elevation at 3 min after occlusion. A reduced incidence of sustained ventricular tachycardia during the early postocclusion period might also be implicated. The side of intervention did not influence survival significantly; however, left-sided interventions were more effective than right-sided ones.
Limitations. Anesthesia22 might have interfered with sympathetic cardiocardiac excitatory reflexes.5658 However, the significant differences in basal mean heart rate in right stellectomized animals as compared with sham-operated and left stellectomized dogs and the changes observed after occlusion indicate that neurovegetative adaptation1 2, 58-62 was not overshadowed in this study. Moreover, significantly lower mean heart rate at 3 min after occlusion in left stellectomized dogs might have followed to reduce sympathovagal inhibi- . VFO = ventricular fibrillation during occlusion (from 180 to 3600 sec; mean ± SD 2301 ± 1560 sec): VFO is present for values >180 <3600 sec; Anthor = latency from anesthesia to thoracotomy (in min); Thorlig = latency from thoracotomy to ligation (in min); Weight = weight before occlusion (in kg); Sex = sex scored 1 when male and 2 when female; HRB = basal heart rate (in beats/min); HR3 = heart rate at 3 min after occlusion (in beats/min); ST3 = ST segment elevation at 3 min after occlusion (in mV); RB = basal R wave amplitude (in mV); R3 = R wave amplitude at 3 min after occlusion (in mV); MAPB = basal mean aortic pressure (in mm Hg); MAP3 = mean aortic pressure at 3 min after occlusion (in mm Hg); VE1 = ventricularectopic beats during 0 to 10 min after occlusion, scored 1 when present and 0 when absent; VT1 = nonsustained ventricular tachycardia during 0 to 10 min after occlusion, scored 1 when present and 0 when absent; Sust VTI = sustained ventricular tachycardia during 0 to 10 min after occlusion, scored 1 when present and 0 when absent; MO = month of occlusion, scored from 1 (January) to 12 (December); SG = presence (scored 0) or absence (scored 1) of stellate ganglionectomy; Side = intervention side either right (scored 0) or left (scored 1).
tion as compared with that in both groups of shamoperated animals,59 still suggesting that neurovegetative adaptation was not impaired in this study. Presence Higher basal heart rates were present in sham-operated dogs; these latter animals developed earlier postischemic ventricular fibrillation (table 5) . However, neither basal nor immediate postocclusion heart rate contributed significantly to the prediction of outcome (table 3) . These findings do not indicate that heart rate will not affect outcome when varied over wider ranges or that the lower basal heart rate in right stellectomized animals did not contribute to the lessening of ischemia after occlusion and to improved outcome. The analysis does suggest, however, that heart rate did not, in our study, substantially alter the relationship observed between outcome and the other significant covariates. On the other hand, it is possible to conclude that the significant effects of left stellectomy were rate independent.3' 4, 76 Effects of stellate ganglionectomy on arrhythmias and survival. In the context of acute myocardial ischemia neither the arrhythmogenic effect of right5' 6, 9 nor the antiarrhythmic effect of left stellate ganglionectomy3x'-7 9 had been indisputably proven independent of vagotomy,3-' ' 9 presence, type, and amounts of anesthesia, 6 8 
